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Fluosilicic acid and its salts are becoming increasingly 
important in the industries and yet the chemistry of this 
acid has not been worked out as well as it might be. 

After a perusal of the literature on this subject, several 
problems presented themselves for consideration. First : Is 
it possible to obtain a 100% H2SiFs a t  ordinary temperatures? 
If not, what concentration of the acid may be attained, and 
how stable is i t ?  Second: Does this acid ever occur in the vapor 
phase as intimated by Baur2 or is it  present solely in solution 
like H2C03? Third: Is it possible to improve upon the present 
method of determining this acid in the presence of other acids? 

For the solution of the first problem a glass apparatus of 
the form shown' in Fig. 1 was constructed, each bulb having 
a capacity of one litre. These bulbs were connected by a 
tube 25 mm inside diameter which was large enough to allow 
a fairly rapid passage of vapor from one bulb to the other. 

The strong fluosilicic acid to be further concentrated in 
this apparatus was prepared in the following manner: One 
part of the purest obtainable fluorspar and two parts of pre- 
cipitated silica were treated with six to eight parts of concen- 
trated H2S04 and the resulting vapors passed through absorp- 
tion tubes packed with glass wool, in order to retain any HF 
that might get over, and then conducted into water in a five 
litre balloon flask. The end of the glass tube which con- 

' This and the two following investigations were carried out a t  Johns 
Hopkins University in co-operation with Associate Professor B. F. Lovelace and 
supported by the Graflin research fund of that institution. The author is in- 
debted to Doctor Lovelace for many helpful suggestions throughout the work. 

Ber. deutsch. chem. Ges., 36, 4209 (1903). 
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ducted the vapors to the water ended under mercury held in a 
small cup a t  the bottom of the flask. 

The determination of the resulting fluosilicic acid was 
made by a modification of the method of Katz' which will be 
taken up later. 

It was assumed that the following reaction between water 
and silicon tetrafluoride occurred : 

and that the reaction 

SiF4 + 3Hz0 = H2SiO3 + 4HF, ( 2 )  

suggested by Hudleston and Bassett2 was of negligible im- 
portance. A further discussion of this will appear in the next 
paper. However, if H F  had been formed to any appreciable 
extent it would have been transformed into H2SiF6 as shown 
in equations three, four, and five. 

2SiF4 + 4HF = 2HzSiF6, 

4HF + SiOz = SiF4 + 2Hz0, 

(3) 

(4) 

which becomes HpSiFs by equation (1) , or 

12HF + 3sioz = 2HzSiF6 + H4Si04 4- 2Hz0. ( 5 )  

As evidence in support of the above reasoning, it might be 
mentioned that Baur (loc. cit.) found no free HF in a 3oy0 
solution of HzSiFo. In view of the above considerations as 
well as for the reason that a trace of HI? could have been de- 
tected in the two-phase titration method employed, glass ves- 
sels were used in this work, and with entirely satisfactory 
results. 

The concentration of H2SiFe in the absorption flask was 
found to be about 4% after the first run. The silica was al- 
lowed to settle, and the clear supernatant liquid siphoned off 

Chern. Zeit., 28, 356 (1904). 
2 Jour. Chem. SOC., 119, 403 (1921). 
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and then used over again for the absorption of more SiF4. 
By successive runs in this manner the concentration of fluo- 
silicic acid was stepped up to about 25YG. From this point 
on the concentration was increased by means of distillation 
under diminished pressure, which was accomplished a t  room 
temperature by means of the double distillation flask method, 
where a tiny stream of air was admitted into the distilling 
liquid. This method yielded a concentration of 40-45y0 H2SiF6. 

Bulb A, Fig. 1, served as the distillation flask and B as 
the receiver. The apparatus was evacuated by the-tube - and 

Fig. 1 

stopcock on the left. The ends of C and D were ground into 
the mouths of the bulbs so that a vacuum could be maintained. 

Three hundred cc of a 41.41% H2SiF6 solution in water 
were introduced into the left hand bulb, A, and the tube and 
receiver connected up as shown. The apparatus was ex- 
hausted to about 8 mm with an oil vacuum pump. The re- 
ceiver B was packed in crushed ice and salt in a large battery 
jar, surrounded with hair packing and allowed to stand. 
Bulb A was kept a t  room temperature (20-22"). The ice and 
salt mixture was renewed morning and evening for three days. 
At the end of this time, 15.5 cc of distillate were found in the 
receiver, which showed a concentration of 1.17% HaSiF6. 

Another 16 cc of liquid was distilled over in the same manner, 
showing a concentration of 1.58% H2SiF6. The solutiotl in A 
was not tested after these two distillations, but the apparatus 
again set up with 200 cc conc. sulfuric acid in B, and the dis- 
tillation continued for six days. At the end of this period 
10 cc of the H2SiFG solution in A were withdrawn, diluted and 
titrated, showing its concentration to be 53.6%. 
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At this point the volume of the distilling liquid had di- 
minished considerably, and more of the same acid, though less 
concentrated, was added. The distillation was continued in 
the same manner until the concentration of the distillate was 
1.53%, and the acid in A, 54.46% HzSiFs. After this the suc- 
cessive distillations, carried out, are recorded in Table I. 

TABLE I 

Time 

4 days 
G days 
7 days 
8 days 
6 days 

15 days 

Cc distilled 

7 .5  - 
6.5 
5.0 
3.0 
2.0 
8.0 

3.51 
4.09 

11.09 
24.20 
41.52 
49. G l  

56.31 ' 
58.95 
GO. 77 
GO.  54 
GO.  92 
60. 85 

Conclusions 
Fluosilicic acid is generally put upon the market in con- 

centrations ranging between ten and twenty-five percent, and 
has rarely been made over thirty percent. 

It is seen from the above table that 60.92y0 is the maxi- 
mum concentration of HzSiFs obtained at room temperature, 
(20-22 "), and that this concentration could be maintained 
for a long period of time, perhaps indefinitely. 

It will be observed that the acid in the distillate increases 
regularly, as the concentration of the acid in the distilling 
flask increases. The reason for this may be found in the fact 
that water in the form of vapor was removed from time to time 
by the vacuum pump. The concentration of the distillate 
continued to increase over a period of 36 days, which suggests 
that  if the process had been continued the distilling and dis- 
tilled liquids would finally have assumed the same concen- 
tration of H2SiFs. 


